Based on the CMS Upgrade R&D Proposal RD10.02, we describe the motivation and main features of the CMS GEM Project for LS2 and propose the addition of a full GE1/1 2 detector station comprising Gas Electron Multiplier (GEM) chambers to the forward muon system of CMS. The limitations of the currently existing forward muon detector when operating at increasingly high luminosity expected after LS1 are laid out followed by a brief description of the anticipated performance improvements achievable with a GE1/1 station. The second part describes the detector system followed by an overview of electronics and associated services including a discussion of the schedule and cost of the project. Plans for a precursor demonstrator installation in LS1 are presented. This proposal is intended as a concise follow-up of the detailed document CMS-IN-2012-02 3 . If approved, this is to be followed by a detailed Technical Design Report.
I. Project Overview and Objectives
A major design goal of the Muon System of the CMS experiment is to reliably detect muons originating from all possible sources of SM and new physics. This proposal aims at instrumenting the 1.5 < | < 2.4 region of the CMS forward muon system with an additional position-sensitive detector system made from pairs of triple-GEM chambers arranged in "Superchambers" to provide more robust muon tracking and triggering capabilities to CMS in the high-luminosity and high pile-up conditions during LHC Phase 1. Specifically, this proposal aims at improving muon momentum resolution for highest-p T muons and providing overall highly efficient muon trigger and reconstruction capability in the forward region by complementing the existing ME1/1 system with a GE1/1 station. An installation of a full first station (GE1/1) is proposed during the second long LHC shutdown (LS2). As a precursor to study the complete chain of the project, we propose to install and commission two Superchambers during the first long shutdown (LS1) and to operate and test these when beam returns after LS1.
The CMS high- region requirements for a muon detector are demanding in terms of particle rates and integrated charge. In the past, GEMs have been demonstrated in several experiments (COMPASS, LHCb, TOTEM) to be robust and reliable and to have high-rate capability and high longevity.
In the last three years the CMS GEM collaboration 4 has demonstrated the production of large area GEMs with the single mask technology, developed within this collaboration. More recently, this collaboration has shown that GEMs can also be scaled to larger sizes in a cost effective manner by production of four full scale detectors with novel techniques of construction. The GEM Collaboration of CMS Institutions (RD10.02) has been studying the expected GEM detector performance and its impact on future physics capabilities with muons in CMS. The collaboration has been evaluating the technological feasibility of such an upgrade with detector prototypes and simulations; tests show that a system with Triple-GEM detectors is a near ideal answer to the stringent muon tracking and triggering requirements in the expected hostile post-LS2 environment. This is due to the good position and time resolutions, high rate capability, and radiation hardness of these micropattern gas detectors. Results on efficiency, space and time resolution of these prototypes from detector simulations, laboratory measurements, and muon/pion beam tests including measurements in a magnetic field demonstrate a performance fully adequate for the high background environment expected in the CMS muon endcaps during the high-luminosity LHC phase. Preliminary studies on the extension of an RPC-like trigger into |η| > 1.6 using a GEM system show significant sharpening and possibility of higher p T cuts for trigger turn-on curves and improved trigger effectiveness. For the ME1/1 station, benefits in trigger from the presence of a GE1/1 system are anticipated in the high occupancy region by improving momentum resolution and removing ambiguities especially at high luminosity and high pileup. The proposal presented here aims to instrument the station GE1/1 with Triple-GEM super-chambers and the associated electronics readout with a fraction demonstrator in LS1 5 and completion of the full 1/1 station during LS2 6 .
II. Motivation:
Weaknesses of the present system and possible mitigation
Redundancy and robustness
CMS currently has the least robustness and redundancy in tracking and reconstruction capabilities for the most challenging region for muon detection, i.e. at high . Here the muon track projections in the bending plane are also the shortest giving rise to worsening momentum resolution compared with the central region. In this region namely, 1.5 < | < 2.4 CMS has currently only CSCs operational; Fig. 1(a) shows the occupancy dependence on  for ME1 (from pp data), where the white spaces are currently gaps between chambers and dead onchamber electronics.
The main challenges for triggering in this region at high luminosity are high background rates. The L1 trigger rate is dominated by low-momentum muons misreconstructed by the trigger as high-p T muons. Fig. 1(b) shows the current L1 single muon trigger efficiency as a function of  and demonstrates that the trigger efficiency falls by about 10% in the 1.5 < | < 2.4 region. Muon trigger stub 7 losses drive this inefficiency; the losses due to stub timing mis-measurements have fundamental causes and are hard to fix. Fig. 1(c) shows the expected efficiency of the current and post-LS1 CSC ME1 trigger stub finding electronics when extrapolated to a pile-up condition of 100 in the simulation for physics events with at most one signal muon crossing a CSC chamber. The post-L1 electronics in the best case scenario assumes that all algorithmic improvements can be implemented in the new CSC electronics, which can be limited by the FPGA size and the ability of the CSC Track Finder to cope with the increased number of stub primitives. The latter is required to increase the stubfinding efficiency at the level of chambers. The inefficiency of about 3% for 100 pile-up interactions doubles in the region of ||>1.6 corresponding to ME-11 for 200 pile-up interactions. Clear worsening for PU400 is shown by a study in Fig. 1(d) .
Note that higher than expected beam backgrounds are possible and can be detrimental to the trigger efficiency. This is very undesirable in the first station which is known to be vital for achieving the best-possible muon momentum resolution. In addition, these efficiencies assume that only a single "signal" muon can cross a CSC chamber, the efficiency of finding the stub corresponding to a high momentum muon quickly deteriorates for physics scenarios with two or more signal muons crossing the same CSC chamber. Detectors with high space and time resolution would inherently bring additional benefits in muon L1 triggering, HLT, reconstruction, and identification. The proposed system would provide a stub formed from two hits in the GEM detectors as additional input to the CSC trigger stub generation at L1. Due to their high space point resolution, GEMs could 5 First LHC Long Shutdown LS1 2014-2014 6 Second LHC Long Shutdown LS2, anticipated around 2018. 7 Stubs are track segments reconstructed by connecting several points in each station of the CSC system, the idea here is to add two more points for stub creation, thereby adding robustness.
help to significantly reduce HLT rates and improve momentum resolution for O(1 TeV) muons in the high- region as shown by preliminary studies reported earlier 2 . The high granularity of the readout strips in the proposed GEM detector could improve the momentum resolution by up to 20% 2 . Particularly in the first muon station, these benefits must be exploited since multiple scattering of the muon track is still acceptable there. Muons in the final state are critical for many signatures of Higgs decay and new physics including supersymmetry. Especially when searching for new physics, they often constitute the golden channel due to a high triggering, identification and reconstruction efficiency. The detection of H→ZZ with both Z-bosons decaying subsequently to muons, H   in the muon plus hadronic  channels, and the rare decay H   represent the golden channels where a degraded muon acceptance would diminish future CMS physics capabilities. Fig. 2 illustrates the impact of the muon acceptance for the process HZZ4 by showing the pseudorapidity () for each of the 4 muons (ordered by their value of p T ). Such a Higgs-event can only be fully reconstructed, if all four muons are detected. The detection efficiency of this channel is proportional to the fourth power of the muon detection efficiency: (Higgs) = ( 4 . As seen in Fig.2 , only 40-50% of the muons are detected by the central muon (barrel) system, another ~40% by forward detectors (1.1<| |<2.4) while 10-17% are outside the instrumented area (| |>2.4) and anyway lost. From those ~40% forward going muons, nearly all should be efficiently detected, which is one of the reason for proposing this upgrade. The meaning is that even a process not supposed to produce very forward-going particles we still see a sizeable percentage of particles in the forward region. In general, for low mass Higgs relatively large forward production angles are foreseen for all Higgs decays.
Physics Motivation
A similar argument applies to processes where multiple bosons (≥3 bosons) are produced, which are important tests of high-energy electroweak behaviour. The cleanest channels are leptonic decays and processes with three and more Z or W-bosons would generate three or more leptons. Rates for these processes are sufficiently low to require the high-luminosity LHC upgrade (HL-LHC). Other interesting physics channels becoming accessible at the HL-LHC are rare Higgs decay channels with low cross sections, such as HZ(cross section ~2.5 fb) and the direct decay H (BR~10 -4 ), necessary to study the properties of the Higgs-boson.  From Fig. 3 , the large rejection capability of a fine resolution system can be seen 9 ; the left plot shows the trigger turn on curves with a system of RPCs in all four stations while the one on the right shows the same using two GEM stations only and an 8 times finer readout granularity. These studies have been done using two stations of GEMs and two stations of RPCs, simply by replacing the readout strip granularity and using only one space point each from the first two high eta stations since the geometry existed as such for doing these studies which were also reported in detail earlier 2 . In this proposal we are proposing two layers of GEM detectors in the first station GE1/1, their readout points separated by 20 mm, thereby exploiting the fact that stubs can be generated in the high magnetic field. Consequently, combined with the ME1/1 stubs, we expect the improvement in trigger to be quite important with the contributions from increased granularity and bending. Extensive trigger and simulation studies are in progress, with the geometry of the GEM detector defined in CMSSW recently 10 . Detailed analysis and quantitative results will be presented in the TDR.
Fig. 2 (a) Higgs ZZ 4The plot shows the pseudorapidity () of the 4 muons from a Higgs of 125 GeV decay: HZZ4mu decay. The 4 muons are ordered by p T value, in the sense that mu_1 is the one with the smallest value of p T while mu_4 is the one with the largest value of p T |. The vertical blue and red lines show the percentage of muons which have an eta value larger than the indicated threshold. The right bottom plot (which is for mu_4) shows that only ~40% of the times the muon lies in the central region, ~40% the times it lies in
The CSCs would benefit hence from the presence of a complementary system since GEMs can help in the trigger in the areas where occupancies are high by improving momentum resolution and removing ambiguities especially at high luminosity and high pileup. This would make the forward CMS design robust in all aspects.
Improvement in momentum resolution and resolving ambiguities
Above p T >20 GeV the Level-1 trigger rate acquires a large and growing contribution from soft muons (from a variety of sources including decays in flight, interactions in the material, muons from heavy flavour decays etc.) reconstructed as high p T muons. The problem is exacerbated by efficiency losses in reconstructing muon stubs in the CSC chambers as a reduced number of available stubs is more frequently leads to overestimation of the muon momentum by the trigger. This is especially pronounced if a stub is lost in ME1, the station closest to the interaction point, as those have highest impact on accuracy of momentum reconstruction (least scattering compared to other chambers). Incidentally, the efficiency of local stub reconstruction in station ME1/1 (the most forward part of station ME1) is the most susceptible to degradation at higher luminosity due to much higher rate and occupancy. In Fig. we can see the improvement in momentum resolution for 1 TeV muons using one point measured with a GEM station GE1/1 and an ideal space resolution of 50 m. Adding two points to the measurements from the CSC ME1/1would improve dramatically the ambiguity resolution power of the spectrometer as demonstrated in Fig. 4 . Further studies are being performed and will be described in detail in the TDR. 
Effective triggering in the presence of high background rates at high pile up
In addition to increasing the trigger rate and flattening the Level-1 trigger curve towards higher momentum of reconstructed muons, the same weaknesses in the region covered by ME1/1 also degrade the overall muon track finding efficiency. Every time a local (chamber level) stub is not reconstructed by Level-1 in ME1/1, the overall track finding efficiency for true muon is reduced as well as the accuracy of its momentum resolution. The efficiency losses in reconstructing trigger stubs in ME1/1 have several causes: (i) dead time in a substantial fraction of a chamber due to a background muon hits in one of the previous collisions, (ii) mis-measurements in the timing of anode and cathode stub projections leading to either a completely mis-reconstructed stub or its incorrect BX assignment, (iii) difficulty in matching stub projections into stubs when there is more than one pair of stubs, (iv) the confusion associated with a limit on the maximum number of two local stubs reported by each chamber. Most of these problems have fundamental causes and are hard to fix. In real operating conditions the situation is further adversely affected by any dead or malfunctioning on-chamber electronics, which cannot be replaced without opening the entire detector. As it was stated earlier, such losses are especially undesirable in station ME1, which is the key for momentum resolution due to the largest bending in magnetic field and least scattering in the material. It is also worth noting that the limitations in CSC electronics lead to highly inefficient triggering for some of the new physics scenarios predicting events with multiple close-by muons. We donʼt want to miss our next discovery due to electronics limitations, hence the importance of improving the redundancy and adding more capabilities to the forward muon triggering.
The abovementioned problems can be addressed and mitigated with the addition of a new GEM detector and the proposed new interface of the GEM and CSC systems for improved triggering in the forward region.
III. Proposal for mitigation of issues (Muon Endcap Station 1/1)
In the last one year, studies to consolidate the performance of the ME1/1 have been performed, and an overall improvement of the redundancy and robustness by combining the GE1/1 and ME1/1 detectors is proposed for LS2. As mentioned above, a demonstrator consisting of two detectors (see Section IV) would also be installed in LS1.
The proposal calls for routing the GEM signals to the CSC Trigger MotherBoard (TMB) which performs reconstruction of the local chamber stubs in station ME1/1, which are then used by the CSC Track Finder (CSCTF) to reconstruct muon tracks. The new CSC TMB board (to be installed in LS1) has five unused optical fiber connections, which can be utilized to route the GEM signals to the TMB FPGA where these signals will be processed together with the CSC data, and the implementation of this schema requires no changes to the CSC forward electronics project.
When implemented, the new system would allow a fully efficient reconstruction of muon stubs for high p T muons in regions where the GEM and CSC chambers overlap. First, the increased redundancy will compensate for the dead-time in the CSC system due to hits in previous BXs and broken CSC electronics (the TMB will report GEM-based stubs if the CSC information is unavailable). Second, the better GEM timing resolution will be used to resolve timing ambiguities in building stubs from the stub-projections and eliminate that inefficiency (which alone can amount to 5% inefficiency at high luminosity). Third, the GEM information will allow eliminating ghosts and the ambiguity in reconstructing stubs in events where more than one stub projection in either anode or cathode CSC views. Fourth, combining GEM and CSC information allows better measurement of the bending angle in station ME1/1 owing to the larger lever arm of the combined CSC-GEM stub. The bending angle measurement has been underutilized in the CSC system due to limited resolution and the past uncertainties in the knowledge of the magnetic field. In the new configuration, it can become a very powerful tool in rejecting soft muon backgrounds at local stub reconstruction stage, improving overall momentum resolution (by utilizing the bending angle measurement in the CSCTF), and in preserving high efficiency in events with multiple stubs by sorting and reporting the stubs most consistent with a high p T muon (to alleviate the reduction in efficiency due to the CSC limit of maximum two stubs reported by each chamber). While a significant amount of work will need to be done to design the algorithms, implement them in the firmware and commission, the opportunity to accomplish these goals is clear.
IV. LS2 GEM Project and LS1 Demonstrator
The present proposal is to instrument the station GE1/1 with Triple-GEM super-chambers and the associated electronics readout during LS2 12 with a fraction demonstrator in LS1, which will be described below.
Each super-chamber can be thought of as a double layer of readout planes with two Triple-GEM chambers covering a 10 degree sector with readout points spaced 20 mm from each other. 36 Superchambers will be installed at each end, making the construction project of 72 Superchambers (144 individual Triple GEM detectors). The concept is demonstrated in Figs 5-6.
Fig. 5 The GEM detector system on the 1/1station (top) 100 mm exist between the Back Flange in the YE1 nose and the CSC ME1/1 chambers; (bottom) Each Superchamber is a double layer comprising two Triple GEMs.
The slots for insertion already exist from 1.6<<2.1 and the LS1 demonstrator is realized in this envelope. However, since the ME1/1 chambers cover 1.5<<2.4, one of the goals during LS1 will also be to understand the possibility, if it exists, for extending the rapidity coverage of the GE1/1 station for LS2.
Fig. 6 Each Triple GEM is a sandwich of three GEM foils between the drift and readout electrode (left), completed and tested chambers ready to go for beam test (right).
Integration and installation studies given the existing CMS muon high-η envelope have been performed in order to ensure smooth installation. The needed technical services have been studied (Technical Proposal) and the preliminary understanding of cooling, cabling and gas distribution does not present any major issue. Two Superchambers will be installed in LS1, along with the associated electronics and readout system to interface with the corresponding ME1/1 detectors.
V. Simulation tools and integration into CMS framework
Development of simulation tools and integration of the GEM simulation into the overall CMSSW framework is an important aspect of this project. It is the backbone of the work aimed at developing and validating the algorithms for trigger and offline reconstruction, including the algorithm aimed at combining the capabilities of the CSC and GEM detectors in providing improved CSC-GEM combined triggering in the forward region. The simulation will also be used in optimizing the performance of these algorithms in the presence of the backgrounds associated with the high luminosity environment, including beam and neutron backgrounds before finally commissioning it with the real data.
The work on building a complete simulation package and integrating it in the CMSSW has already started 13 . The GEM geometry description in the CMSSW and the definition of active volumes has been nearly completed as well as the data format definitions. Work on digitization has also started and focuses on tuning the parameters of a standalone GEM simulation (based on Garfield and GEANT) using available test-beam data, which will then be translated into the digitization models for the trigger and offline being developed in the CMSSW framework. Once these tasks are completed, the focus will shift on using realistic simulation to develop and tune the algorithms to be used in trigger and offline reconstruction and optimize their performance before deploying them in the firmware and the HLT and offline reconstruction code.
VI. Electronics
Each single GEM chamber is treated as an individual unit from an electronics system point of view. The GEM chamber is segmented in both phi and in eta, the baseline for LS2 is segmentation of 3 in phi and by up to 10 in eta creating 30 individual detector segments. Each of these segments is further subdivided into 128 strips which are then read out by a 128 channel front-end chip, one per segment. Each GEM chamber therefore has up to 30 front-end chips and 3840 channels. For 2 super-chambers there will be up to 120 front-end chips and 15360 channels. A single GEM chamber therefore has 3 columns of front-end chips. The system is designed such that 1 optical fibre can readout the data from one GEM column. A single GEM chamber therefore has 3 optical fibers to take the data to and from the CMS GEM DAQ system.
A full description of the electronics system envisaged for installation in LS2 is given in the Technical Proposal 3 . The following is a short summary to cover the main points of the system. The high particle rate and precision trigger demands of the system require a new front-end ASIC design. This design builds on the previous successes of both the VFAT2 chip 14 and of the SALTRO chip (designed as a demonstrator for TPC readout using GEMs for both the ALICE TPC upgrade and the ILC) .
The transport of data between the CMS GEM On Detector electronics and the Off Detector DAQ system will be via optical fibres. CERN based common design projects such as the GBT chip set, Versatile link and GLIB systems 15 can provide the radiation tolerant optical communication system required.
The GE1/1 LS1 Demonstrator Electronics
The electronics system envisaged for the LS1 demonstrator is designed to resemble, as much as possible, the final system. It is not however identical. This is because the design for the new front-end chip and GBT chip set are currently on-going. A complete system using these components is not expected until 2015.
The front-end chip for LS1 will hence be the VFAT2 chip and an FPGA will sit in place of the GBT. The VFAT2 chip is a 128 tracking and trigger. It can be used to provide fast trigger data and high granularity tracking information. The trigger information is based on a "Fast Or" of groups of 16 channels.
The segmentation of the LS1 demonstrator will by 3 in phi and 8 in eta. There will hence be 24 VFAT2 chips and 3072 channels per GEM or 96 VFAT2 chips and 12288 channels for 2 super chambers. The FPGA will gather data from the 24 VFAT2 chips and transmit optically to the Off Detector part of the system. An additional optical link per GEM is envisaged to transmit trigger data (corresponding to the entire GEM) to CSC trigger boards.
Fig. 7 Overview of the GEM readout system
14 VFAT2 (currently used in TOTEM for the readout of both silicon and GEM detectors) 15 GBT, Versatile Link, GLIB https://espace.cern.ch/project-GBLIB/public/default.aspx
The VFAT2 chips are mounted on VFAT2 hybrids which plug into a large multi-layer PCB covering the entire face of the GEM chamber. This PCB (known as the GEM PCB) delivers power and communication signals to and from the VFAT2 hybrid as well as providing the connection to the GEM strips.
The data from the VFAT2 chips are sent through the GEM PCB to one FPGA board, called the GEM Opto Hybrid (GEOH), located on the long side of the GEM module. One of the main components of the GEOH is a Xilinx Virtex 6 FPGA, which will run the GBT protocol. Given the large number of high speed transceivers and user I/O pins in this FPGA family, one FPGA could handle the signals from 24 VFAT2 chips and 4 optical transceivers. In addition it has been shown that modern FPGAs are radiation resistant to a couple of Mrad 16 .
Combining GE1/1+ ME1/1 for the LS1 Demonstrator
The data will be sent by optical links to the CSC Trigger Mother Board (TMB) located in UXC55 as well as to the GEM off detector electronics located in USC55. Only the GEM trigger data will be sent to the CSC TMB while the trigger and the tracking data will be sent to the GEM off detector electronics.
In the CSC Trigger Mother Board, the GEM trigger data will be combined to the CSC data to make CSC stubs, which should improve the CSC trigger efficiency. In the GEM off detector electronics, the trigger data will be processed by a trigger algorithm and the tracking data will be transferred to the CMS DAQ system. While the GEM PCB and the GEM Opto Hybrid are under design, all the off detector electronics devices are off-the-shelf components.
VII. Objectives for LS1
In what follows the objectives for a demonstrator of the concept are presented wherein two Superchambers are envisaged to be installed:
Measure the background rates: The actual high- environment allows the determination of the expected rates due to the environmental background and prompt muons. The results can be obtained by combining CSC and GEM data. Those measurements will be the basis of a more realistic extrapolation of the joint system performance towards higher luminosity and beam energy during post LS2 running.
Determine the stability and uniformity: A long period of operation in a high environmental background condition will provide unique information about the capability of the GEM technology to have stable and uniform performance. The measurements of the detector performance will integrate and complement measurements to the Gamma Irradiation Facility and those foreseen to neutron spallation sources.
Provide an integrated local trigger together with CSCs: The two layers of GEM detectors in one station can, on demand, provide signals to be routed to the L1 CSC TMB electronics boards, which are responsible of the construction of the local charge tracks (LCT). LCTs are the main input for the CSC track finder. This information can be used to back-up the absence of the CSC local stub, or resolve ambiguities in case multiple LCT are reconstructed in the same station.
Validate integration, installation and services studies: Extended studies for the mechanical structure of the Super-Chambers per sector, each followed by installation sequences have been performed. The 3D modeler used is CATIA V5, standard at CERN; installation of two "super-chambers" will allow us to learn about any possible difficulties to be encountered for LS2 when we envisage the installation of the station 1.
VIII. Goals for LS2
The major objective for LS2 is to complete the full GE1/1 station with detectors, electronics and the full readout chain, integrated into CMS. Here we present the goals for LS2 project schedule and milestones towards 16 [radh] https://twiki.cern.ch/twiki/bin/viewauth/CMS/RadHardFPGA installation in LS2; a budget draft and an outlay of resources are presented. The organisational structure of the collaboration that proposes to take on the LS2 project is discussed.
Schedule
The overall schedule for the production of the full station GE1/1 is presented as a function of years from the approval of the construction project. It is assumed that the production of GEM foils will take place at CERN in the surface treatment workshop. Production will be launched as soon as the project is approved and it is estimated that assembly tests and quality control procedures will be completed in two years. We will have two assembly lines in the new workshop and the TIF 17 . Detector tests with final electronics will be done after the delivery of the final electronics in a final stage before installation in LS2. These tests will be done in building 186 at CERN, the GEM Detector QC facility under preparation presently.
Distributing the detector assembly in different sites and institutions to optimize time and resources has been considered and there is sufficient interest and expertise in some participating institutions to begin this process. Detailed plan of sharing the tasks will be made after project approval; major milestones are shown in Table 1 .
Milestone
Years from time zero Table. 1 Summary of milestones for LS2 17 The building 186 (so called TIF) is being readied for a GEM Production and Quality Control Centre.
Installation of GE1/1 station in LS2
For installation during LS2, a window of about one month on each endcap will be requested to the Technical Coordination. One month is considered sufficient for installation of 36 Superchambers on each end, along with the associated services, and preliminary HV and gas leaks commissioning. During this period the relevant endcap disk YE1 would be open and a few meters away from the YB2 in a configuration that allows access to the "YE1-nose" via a cherry picker. During LS1 with the detector open, studies and a detailed plan will be drawn out on the specific service requests necessary for LS2.
Collaboration, Manpower and Resources
The proto-collaboration pursuing the GEM upgrade project for CMS described here constituted itself during the CMS week in March 2011 as the "GEM Collaboration (GEMs for CMS)". This international protocollaboration has grown to ~40 institutions and ~180 collaborators. A core group of 25 or so people is very active in the various aspects of the project and is steadily growing. An interim management board was formed at the time of constitution that comprises the interim project manager, interim deputy and the interim chair of the collaboration board. Technical working groups on detector issues and software issues were formed that report to the project managers. Financial issues related to production and testing of prototypes are being overseen by a resource manager. A Publications and Conference Board coordinates review and submission of abstracts and proceedings to relevant conferences via the CMS CINCO system. Project managers, resource manager, and Publication & Conferences Board report to the institution board. During the development phase, this organizational structure has allowed transparent sharing of the R&D costs, flexible and effective allocation of the available personnel resources to the different tasks, and a remarkable production of high-quality scientific publications, mostly from students and young post-docs, all internally reviewed by a senior person. If the project is approved, such organization will evolve according to the needs of the project and following the indications of the CMS management.
The detailed breakdown of resources will be given in the TDR, here we show the list of institutions and their expression of interest in the various activities of the project in Table 2 . Several of the institutions are already actively involved in all present aspects of the project and have indications of support from the funding agencies. This table will also be updated once task sharing has been defined in the project, if approved. It should be mentioned that the cost for materials for the LS1installation is already covered. The four Triple GEM chambers to be installed exist, so does the electronics. We have commitments of participation and contributions towards manpower for installation, commissioning and eventually operating the four detectors post LS1.
IX. Summary and Conclusion:
Based on the results of the detailed R&D in the framework of CMS RD10.02, we conclude that a radiationtolerant GEM detector system represents a desirable and viable option for upgrading the 1.5 <  < 2.4 region of the CMS muon endcap system for the era of the high-luminosity LHC. Adding the GEM subsystem improves momentum resolution for high-pT endcap muons in the TeV region and increases the robustness of the muon trigger by providing an independent second trigger path for the forward muon region. Trigger turn-on curves will be much sharper for the combined GEM+CSC system than for the originally planned RPC system. These attributes of the proposed GEM system will strengthen the ability of CMS to control its muon trigger rates in the ever more challenging running environments of the future. Most weaknesses present in the ME1/1 system will be mitigated thereby affording fully efficient and clean reconstruction of muons by improving muon momentum resolution and providing a highly efficient trigger and reconstruction capability reached using the complementarity, robustness and redundancy of two independent technologies.
Extensive prototyping has demonstrated that the step from small prototypes to full-size GEM chambers as needed for CMS has been taken. The full-size prototypes achieve the required efficiencies and resolutions. Integration and installation studies show that the GEM chambers can indeed be integrated into the given CMS high- envelope. Our studies indicate that there are no known show-stoppers with respect to needed services, i.e. cooling, cabling, and gas distribution. A first design of on-and off-detector electronics for the readout of the GEM detector system addresses the major readout and trigger concerns. This design makes much use of ongoing generic electronics developments for the LHC upgrades within the community. The projected chamber production and infrastructure schedule and milestones will allow the system to be installed during the second long LHC shutdown LS2 (currently anticipated for 2017/2018). Budget estimations and resources outlay show that the full GEM stations (GE1/1) could be produced and commissioned at an equipment cost of 2.87 MCHF. An organizational structure is well in place for the multi-institutional collaboration that is proposing to take on this upgrade project. The cost of the project has negligible impact on any of the CMS Upgrade programs.
Consequently, we conclude that this project is ready to move forward and request that this proposal of a "GEM
Detector system for an upgrade of the CMS muon endcaps station ME1/1-GE1/1" be approved. This will allow the project to be integrated into the official CMS upgrade program, which in turn will allow the participating institutions to approach their respective national agencies with funding requests for the project.
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